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Chapter 1 – Introduction 
[Background of this research] 
With increasing environmental problems associated with solid wastes, comprehensive solid 
waste management should be exercised. In developing countries such as Fiji, the increasing 
human population leads to increase in consumption, therefore increased waste generation. 
Also, legislations on waste management (Environmental Management Act 2005) is mainly 
concerned with development of guidelines for the sanitation and monitoring of landfill dumps, 
and fails to consider the development of sustainable ways to treat generated wastes in Fiji. 
Moreover, improper disposal and poor waste management technologies are some of the 
challenges to waste management in Fiji. 
 Currently, landfilling is the main method for the treatment of solid wastes in Fiji [1]. 
This practice is common in East Asia and the Pacific region, according to a study carried out 
by World Bank (Fig. 1.1) when open dump and landfill amounts to more than 50% of the 
total disposal methods available in the region. Medical wastes are incinerated in the hospitals 
of larger towns and cities [2]. Also, there are no restrictions to burning of household 
generated wastes which is a common practice. Unfortunately these practices contribute to 
environmental problems such as air pollution, especially the accumulation of aerosol black 
carbon in the main cities.  
 
Fig. 1.1 Disposal methods by region 
 Plastic bottles and cans have also increased drastically in Fiji over the past decade. 
The local beverage company, Coca-cola Amatil Fiji in conjunction with Fiji Water collects 
the PET bottles for recycling. According to a JICA Data Collection Survey on Reverse 
Logistics in the Pacific Islands, the PET bottles have been exported overseas, including Hong 
Kong, to be recycled. Also, scrap metal wastes have been collected for export to Australia, 
China and India. 
 The unique combination of light weight, durability and other intrinsic properties 
makes plastic resources more efficient across a wide range of different sectors and everyday 
applications. Consequently, the increasing number of plastic bags is a major environmental 
pollutant and is a key concern in Fiji. Moreover, since all the plastics in Fiji is imported, there 
are no efficient technologies available to recycle the plastics based generated wastes. 
Recently, a levy of 10 cents per plastic bag was imposed by the Fijian Government to 
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discourage people from using plastic bags. 
 The sugar industry has been perceived as the backbone of the Fijian economy for 
more than a century, and still plays an important role today. This was the largest single 
industry in Fiji during the 1970s, when 70 per cent of export was attributed to sugar [3]. Fiji 
produces raw sugar in the mills (Fig. 1.2). Bagasse is a by-product of the sugar production 
process; it is the dry lignocellulosic matter that remains after the juices have been squeezed 
out of sugarcane. The other two by-products, mill mud is provided to the farmers for soil 
enrichment, while portions of the molasses produced is supplied to the local brewery for 
alcohol production, and the rest is exported.  
 
Fig. 1.2 Flow chart for the production of sugar from sugarcane. 
 Bagasse waste from the crushing of cane is a good source of renewable energy. 
Currently, the produced bagasse in the Fiji sugar mills is mixed with wood chips and burnt in 
the boilers for production of steam for the mill processes. The excess power generated is 
exported to the electrical grid. Of the total sugarcane produced, only about 61.5 % (700,000 
tons) of the wet bagasse is used for the generation of electricity [4]. The surplus bagasse 
produced can be utilized using alternative technologies, including pyrolysis, to increase the 
energy output (both steam and electricity) and the efficiency of the sugar mills. 
 
 
[Purpose of this study] 
Waste management is a challenge in developing countries such as Fiji. The main objective of 
this work is to reduce or eliminate, collect and recycle solid wastes through techniques that 
does lesser harm to the earth, water, air, and human health. To address the problems of waste 
management by suggesting an alternative technology for the utilization of the surplus 
sugarcane bagasse produced by the sugar factories, and also incorporates the treatment of the 
thriving waste plastics in Fiji. Both mentioned feedstock are inedible therefore does not 
interfere with the global food shortages. Instead, the end products from the suggested 
processes can contribute to renewable energy production. 
 Therefore, in this work, we investigate the pyrolysis of sugarcane bagasse to chemical 
feedstock and energy. To enhance the pyrolysis products achieved, the chemical treatment of 
bagasse with acids, and co-pyrolysis with waste plastics, is investigated. 
The novelty of this work is the improvement of pyrolysis tars and gases using acid 
pretreatment. Even though acid pretreatment is not a new technology, different concentrations 
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of acids is used of in this study to develop a suitable methods for the pyrolysis of bagasse. 
Also, the co-pyrolysis of acid pretreated bagasse with waste plastics has not been done by 
many researchers. Therefore, this work can provide a background of what results should be 





















































Chapter 2 – Acid pretreatment of sugarcane bagasse 
 
[Background of this research] 
Despite the benefits of using sugarcane bagasse as a bioenergy feedstock in pyrolysis, there 
are some challenges that need to be addressed to make the process economically feasible and 
cost effective to investors, and also make the fuel affordable to consumers. Lignocellulosic 
biomass contains complex integration of three main building blocks: cellulose, hemicellulose 
and lignin structures.  
Cellulose is the most abundant organic polymer present in the cell wall [5] which is 
composed of β-1,4-linked glycopyranose units that forms the high molecular weight 
polysaccharide [6]. Hemicellulose is a branched polysaccharide that surrounds the cellulose 
fibres and acts as a connecting link between the cellulose and lignin [7]. Lignin, on the other 
hand, are made up of phenylpropanoid derivatives that combine into higher molecular 
structures by ether bonds and carbon-carbon bonds [8]. The lignocellulosic structures give 
mechanical strength to the plant biomass [9,10] so the conversion of these organic material 
into fuels is a challenge.  
To overcome this challenge, the pretreatment of biomass has been extensively studied. 
The purpose of biomass pretreatment is to alter the physical features and chemical 
composition of the lignocellulosic structure by the hydrolysis of polysaccharides such as 
hemicellulose [11-13] and lignin barriers [14], for high recovery of carbohydrates [15,16], for 
the production of no or very little amount of sugar or lignin degradation products [14,16], etc. 
Pretreatment can also reduce the energy demand for conversion processes and thus lowers the 
capital and operational costs. Acid pretreatment causes the partial hydrolysis of cellulose and 










Fig. 2.1 Acidic pathways of cellulose via acid pretreatment [17]. 
 
 
In this chapter, bagasse is pretreated with different concentrations of sulfuric acid (1, 
3, 6, and 9 M H2SO4). The effects of acid pretreatment on the morphology and chemistry of 
sugarcane bagasse was being invested. Then, in an aim to use a more environmentally 
friendly solvent, different concentrations of acetic acid (1, 3, 6 and 9 M CH3COOH) were 
used as a pretreatment solvent. We compared the morphology and chemistry of the untreated 
bagasse with the acid pretreated bagasse to determine the effects of acid pretreatment on the 
biomass. Various analytical analysis, including scanning electron microscope (SEM), 
thermogravimetric/ differential TG (TG/DTG), Fourier transform infrared spectroscopy (FT-
IR), X-ray photoelectron spectroscopy (XPS), etc. were used to confirm the shortening of 





























Fig. 2.2 Acidic pathways of lignin via acid pretreatment [17]. 
 
[Summary] 
The amount of weight loss increased with increasing acid pretreatment. For instance, 
weight loss increased from 21.4, 27.4, 38.6 and 52.9 wt% for 1, 3, 6 and 9 M H2SO4. This 
weight loss can be attributed to the hydrolysis of polysaccharides, mainly hemicellulose. 
While acid pretreatment catalyzes partial hydrolysis of biomass, stronger acids have higher 
hydrolysis strength. An investigation of the hydrolysis of wheat straw using various acids 
reported H2SO4 was able to hydrolyze hemicellulose  [18] stronger than organic acid. Also, 
the higher 6 and 9 M concentrations of H2SO4 were more severe than the 3 M concentrations 
of other selected acids, thus the higher weight loss. The weight loss at these concentrations 
would also signify the washing away of the hemicellulose and cellulose components, leaving 
only lignin fractions in the pretreated samples. 
The effect of acid pretreatment caused the increase in lignin and cellulose ratio, while 
a reduction in the amounts of hemicellulose was reported at all acidic conditions (Table 2.1). 
This has been reported in various biomass acid pretreatment reports [19-22]. Acid 
pretreatment influences the partial hydrolysis of hemicellulose, thus contributing to the 
increase in lignin fractions in the pretreated bagasse samples. Also, acid pretreatment causes 
the dehydration of the hydrolyzed sugar into furfural and hydroxymethyl furfural (HMF) 
[23,24]. Acid pretreatment also influences the removal of alkali and alkaline earth metals [25] 
which resulted in the reduction in ash fractions after acid pretreatment. SEM images of 
untreated and acid pretreated bagasse shows the disruption of cells (Fig. 2.3). And the 




































Table 2.1 Proximate analysis, ultimate analysis, and component analysis of untreated and 
acid pretreated sugarcane bagasse 
 
 Ultimate analysis (wt%) Component Analysis (wt%) 
 C H O
*1 
N S Cell Hemi Lig Extrac Ash 
Untreated 42.7 6.1 50.7 0.5 +
*2 
30.9 28.2 9.6 11.4 12.8 
1 M H2SO4 41.0 5.7 52.7 0.5 0.1 36.0 25.6 15.5 12.1 11.7 
3 M H2SO4 40.3 5.7 53.5 0.4 0.1 39.6 25.3 12.7 14.2 11.2 
6 M H2SO4 44.3 5.7 49.1 0.7 0.2 37.5 24.5 16.8 12.6 10.0 
9 M H2SO4 47.2 5.3 46.2 0.5 0.8 34.4 22.7 12.0 17.8 13.1 
*1
 calculated by weight difference; 
*2
 value less than 0.05 
 
 
 Fig. 2.3 Microscopic images of untreated and H2SO4 pretreated sugarcane bagasse. 
 
The pyrolysis behavior of untreated and H2SO4 pretreated bagasse was evaluated by 
TG/ derivative thermogravimetric (TG/DTG) analysis at 50 to 900 °C (Fig. 6). From the TG 
curves, it is evident that the untreated and H2SO4 pretreated sample had profound differences, 
while only small differences were observed among the various pretreated bagasse samples. 
The observed weight loss can be characterized by five stages, as previously reported in 
publications [26]. At lower temperatures, below 200 ºC, slight reduction in the sample weight 
is observed which is attributed to the drying period and the loss of light volatiles. This stage 
also resulted in the dehydration of bagasse, and the liberation of the water absorbed on the 
surface and physically bound in the sample pores [12,27]. The second and third stages of 
decomposition occurred between 200 and 500 ºC, where a significant weight loss can be 
observed due the liberation of volatile hydrocarbons from the thermal decomposition of 
hemicelluloses, cellulose and lignin. More specifically, for the DTG curves of untreated 
bagasse, distinct peaks are visible at 284 and 355 ºC, which corresponds to hemicellulose and 
cellulose respectively [26]. Lignin degradation occurs over a wider range of temperature from 
200 to 900 ºC [28,29].   Upon increasing acid pretreatment, the intensity of the hemicellulose 
peaks decrease, and similarly, the cellulose peaks appear at lower temperatures. The partial 
hydrolysis of hemicellulose and the loosening on cellulose components by acid pretreatment 
Untreated 1 M H2SO4 3 M H2SO4



































causes its degradation at lower temperature. The reducing height of the DTG peak at 360 ºC 
after acid pretreatment indicates the lowering of volatile amounts in the pretreated bagasse 
samples. The fourth stage involves the degradation of lignin, which occurs slowly over a 
large temperature range [30]. From Figure 6, it is evident that at 9 M H2SO4 the lignin peak is 
the highest. The quantity of residue remaining after degradation was higher for the acid 











Fig. 2.4 TG and DTG curves of untreated and H2SO4 pretreated sugarcane bagasse. 
 
The FT-IR spectra of acid pretreated sugarcane bagasse are shown in Figure 2.5. Key 
absorbance peaks were observed at 3417, 2946, 1743, 1635, 1519, 1466 1389, 1280, 1176 
and 1076 cm
-1
 for untreated sugarcane bagasse. Previous publications were used to identify 
the bands [17,31,32] to enable the study of the changes that occurred after acid pretreatment. 
The intense band at 3050-3776 cm
-1
 is attributed to the hydroxyl group stretching. Within this 
band range, both phenolic OH and alcohol derived OH has been reported [33] After acid 
pretreatment, no significant changes were noted incurred in the OH bands. This can be 
explained by the increase in lignin proportions after acid pretreatment. Acid pretreatment is 
known to hydrolyze the cellulose and hemicellulose by the shortening of their chain lengths, 
however, at the same time, the lignin constituents of the bagasse also increases (Table 2.1). 
Therefore, no change in the OH bands was noticed denoting the steadiness of this functional 
group even after acid pretreatment. 
The absorbance peaks at 2842-3050 cm
-1
 originates from C-H stretching, while the 
aromatic skeletal vibrations and lignin C-O components stretching were confirmed by the 
weak absorbance at 1573-1693, 1500-1565, 1434-1473, and 1311-1388 [32]. Furthermore, 
the bands at 1388-1434 and 1272-1230 has been attributed to the C-H and C-O stretching of 
hemicellulose acetyl, respectively [31], while the strong band at 937-1141 cm
-1
 was assigned 
to C-O stretching in cellulose, hemicellulose and lignin components and C-O-C stretching in 
cellulose and hemicellulose. The abovementioned signals decreased with increasing acid 
pretreatment, which is attributed to the shortening to the hemicellulose and cellulose chains 





Fig. 2.5 FT-IR spectra of untreated, and H2SO4 pretreated bagasse [34]. 
Acid pretreatment indeed helps shorten the chain lengths of the cellulose and 
hemicellulose. This has been proven by the various chemical and physical analysis described 
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Chapter 3 – Pyrolysis of acid pretreated bagasse 
 
[Background of this research] 
Pyrolysis is a promising ancient technique that involves the thermal decomposition of 
biomass by heating at high temperatures under controlled inert conditions (i.e. inert gas 
atmosphere such as N2).Pyrolysis is a simple, inexpensive technology which can transform a 
wide variety of feedstock. Pyrolysis chemically transforms waste solids into feedstock and 
also provides a promising valorization approach to generate liquid tars, biochar and gaseous 
products. During pyrolysis, heat alone can be used to simultaneously cleave several chemical 
bonds in polymeric materials [35]. Moreover, pyrolysis can be used to chemical transform 
wastes, for instances mixtures of biomasses that may be difficult to separate. 
Biomass is made up of three main components, cellulose, hemicellulose and lignin. 
Pyrolysis of cellulose has been reported to yield high amounts of tars while hemicellulose 
produces higher amounts of gases [36]. Pyrolysis of cellulose and hemicellulose yields higher 
amounts of CO and CO2 n the gaseous mix [36], which is mainly caused by the cracking and 
reforming of functional groups of carboxyl (C=O) and COOH [26]. The lignin structure 
however, contributed to the greatest amounts of char, and contributes to the highest amount of 
CH4 components present in the gaseous mix [36,37]. This is due to the cracking of methoxy-
O-CH3, and while cellulose and hemicellulose may also contribute to the CH4 production, the 
contribution by lignin would be higher due to the higher methoxy-O-CH3 content [26].  
The partially hydrolyzed acid pretreated bagasse from the previous chapter is being 
pryolyzed to study the effects of the acid on the pyrolysis products. Pyrolysis of acid 
pretreated biomass has also been reported in various studies [17,21,26,36-40] and it is 
reported that acid pretreatment improves the production of tars, gases and char from the 
lignocellulosic materials. The gaseous products can be increased by increasing the pyrolysis 
temperature to accelerate thermal cracking of tars into gases. Also, H2 production can be 
enhanced by water-gas shift reactions via the addition of steam. Hereby, we investigate the 
effects of acid pretreatment, and the combined effects of acid pretreatment with temperature 
increase, and with addition of steam. 
 
[Experimental] 
The bagasse sample (SB) used in this work was obtained from the waste heap remaining after 
the crushing season at the Lautoka Mill, Fiji Sugar Corporation. The samples were dried for 
24 h at 105 °C, cooled to room temperature, ground with a metallic blender, and sieved to a 
particle size less than 125 µm.  
Pyrolysis experiments were performed in a two-stage quartz tube reactor heated by 
an electric furnace, the set-up diagram has already been published [41]. Briefly, Briefly, a 
sample holder containing bagasse (0.3 g, untreated or acid-pretreated) was placed on top of 
the reactor and Helium (He) gas was introduced at a flow rate of 150 mL/min. Once He gas 
has stabilized, the first reactor were heated to 500 °C, and the second reactor was heated to 
both 500 (Condition 1) and 800 (Condition 2) °C, respectively. After the desired temperatures 
were achieved, the sample was carefully lowered down into the first reactor. In the first stage, 
pyrolysis occurred, and the evolved volatiles were directly passed into the second stage. 
Pyrolysis reaction was allowed to occur for 20 min. For Condition 3, after the desired 
temperatures were achieved, the gas bag was attached to close the pyrolysis system and the 





, and once steam was produced, the sample holder was slowly lowered down into the 
first reaction chamber and pyrolysis-gasification was allowed to occur for 20 mins. The liquid 
tars were gathered in two cooling traps, cooled by ice and liquid nitrogen respectively, while 
the gaseous products were collected in an aluminium gas bag. At the end of the reaction, the 
cooling traps were defrosted in a water bath. The He gas flow was maintained for a further 20 
min to transfer condensed gases like CO2, CH4, etc. into the gas bag. The sample holder 
containing primary char was weighed, but the secondary char deposited on the reactor wall 
was not quantified as it was insoluble in DCM. The products were defined as follows: (1) 
gases collected in the aluminum gas bag; (2) DCM-soluble tars collected in the cooling traps; 
and (3) char that remained in the sample holder. 
 
[Summary] 
The effects of sulfuric acid pretreatment on the pyrolysis of sugarcane bagasse has 
been reported in our publication [34]. Here, the increase in concentration of acid pretreatment 
enhanced the amount of gas produced from the pyrolysis of bagasse. For instance, the gas 
product yield increased from 11.9 to 21.2 wt% for untreated and 3 M H2SO4 pretreated 
bagasse respectively. Similarly, in the pyrolysis of acetic acid pretreated bagasse, the gaseous 
products increased from 38.4 to 42.4 wt% respectively. Acetic acid was also selected for 
pretreatment since they are more environmentally friendly than H2SO4, and has been reported 
that acetic acid can be produced naturally from landfilled biomass wastes [42] therefore if 
assumed to be produced from landfilled bagasse, then natural acetic acid pretreatment would 
have occurred prior to pyrolysis.  
 The CO2 fractions were reduced after acid pretreatment reduce due to the hydrolysis 
of hemicellulose during acid pretreatment which contribute to CO2 production from their 
degradation [26]. Also, the removal of alkali and alkali earth metals (AAEM) after acid 
pretreatment led to the decreased CO and CO2 products. AAEM catalyze CO and CO2 
forming reactions such as decarboxylation, decarbonylation and deesterification [43]. CH4 is 
produced from the cracking of methoxy groups present in the lignin components during 
pyrolysis [29] therefore the increase in lignin ratios after acid pretreatment enhances CH4 
production. 
 The combination of acid pretreatment and temperature elevation increased gaseous 
production from the pyrolysis of sugarcane bagasse. At first, the increase in temperature 
increase influenced the increase in gas products from 18.7 to 39.5 wt% for untreated bagasse 
at 500 and 800 °C respectively.  The increase in temperature influenced the thermal cracking 
of tars, leading to the increased production of gases. When combined with acid pretreatment, 
the gaseous production was increased even further. 
 Finally with the addition of steam, the gaseous products were further enhanced from 
45.1 to 45.8 wt% for 1 M CH3COOH without and with steam respectively. The volatiles 
produced in the first reactor in contact with steam breaks the saturated hydrocarbons into 
smaller compounds. Also, the amount of H2was greatly enhanced with the addition of steam. 
This is due to water-gas shift reactions which were enhanced with the addition of steam into 
the pyrolysis reaction.  
 In this chapter, the influence of acid pretreatment on the pyrolysis of bagasse was 
determined. Acid pretreatment enhanced the pyrolysis of sugarcane bagasse, and the gaseous 






Chapter 4 – Co-pyrolysis of acid pretreated bagasse and waste plastics 
 
[Background of this research] 
The increase in global plastic production is driven by the increase in demand, 
consumption, and ultimately the wastes produced from plastic based materials. As plastics are 
usually non-biodegradable, their deposition in landfills is not a good solution from an 
environment perspective.  
The co-pyrolysis of biomass and waste plastics has received increasing attention 
lately [44-48]. The co-pyrolysis process can improve the product recovery and 
simultaneously solve the environmental problems associated with waste plastics. For instance, 
co-pyrolysis of biomass with polyethylene (PE), polypropylene (PP) and polystyrene (PS) 
resulted in the improved yields of aromatics and olefins the recovery compared to biomass 
pyrolysis here yields are low [49].  
 Waste plastics are also an attractive feedstock for co-pyrolysis because of their low 
oxygen and high hydrogen content, properties that could compensate the low hydrogen in 
biomass, producing oils with low heating rates. Previous studies have reported the 
improvement of product yield and quality from the co-pyrolysis of biomass with plastics. 
Paradela et al. [50]reported increase in desired liquid and gaseous yield by the addition of 
plastics to the pyrolysis of pine wood, at the same time reducing the solid products. The 
biomass content, pine, results in increased CO and CO2 contents due to their oxygenated 
compounds. The co-pyrolysis of almond shell and high density polyethylene (HDPE) [51] 
noted the increase in stability of the bio-oils due to the reduction of oxygenated compound in 
the liquid due to the presence of  the H-rich HDPE. Similarly, the co-pyrolysis of red oak and 
HDPE in a continuous fluidized bed reactor [52] reported the increase in the production of 
furans, acids and water from the pyrolysis of red oak. The yields of bio char were 
dramatically reduced in the co-pyrolysis with plastics. 
In this chapter, the influence of acid pretreatment on the co-pyrolysis of bagasse and 




 Experiments were carried out with a mixture of mixed plastics (MP) including 
polyethylene (PE), polypropylene (PP), polystyrene (PS), polyethylene terephthalate (PET) 
and polyvinyl chloride (PVC) obtained from Sigma-Aldrich, Tokyo, Japan. The individual 
plastics were ground and sieved to obtain particles sizes between 100 and 125 µm and mixed 
in the lab (PE:PP:PS:PET:PVC, 32.6:22.8:21.6:16.9:6.1) according to the realistic waste 
plastic composition in Japan [53,54]. 
 A simple 10 wt% Ni/Al2O3 catalyst was prepared as according to previously published 
methods [55]. Briefly, alumina α-Al2O3, which was used as a carrier, was first calcined in a 
muffle furnace at 650 °C for 3 hours in air. Nickel nitrate hexahydrate (Ni(NO3)3·6H2O) was 
dissolved in minimum de-ionized water, to which a pre-determined amount of alumina was 
added.. This mixture was stirred used a stirring rod at room temperature for 1 h, allowing 
impregnation to occur. This was then heated to 80 °C to remove water, and later transferred to 
an electric furnace at 650 °C for 3 h. The amount of Ni active metal support was 10 wt% 
based on the weight of the catalyst. 
 Co-pyrolysis experiments of the untreated/ acid pretreated bagasse and mixed plastics 
were performed in a two-stage quartz tube reactor, and the conditions and analysis methods 




 The co-pyrolysis of bagasse and waste plastics increased the gaseous products, for 
instance, from 32.7 to 35.5 wt% for untreated bagasse and co-pyrolysis of untreated bagasse 
and mixed plastics (figure not shown). This has also been reported previously in the pyrolysis 
of wood saw dust and polypropylene [56]. The amount of solid char produced was lower 
from the pyrolysis of plastics compared to the pyrolysis of biomass. This is attributed to the 
high volatility of plastic compared to biomass. The H-rich waste plastics also contributed to 
the higher amounts of H2 gases produced from the co-pyrolysis process. 
The co-pyrolysis of wet acid pretreated bagasse with waste plastics were also carried 
out. The mass balance was low compared to pyrolysis using dry bagasse, due to the formation 
of heavy products that were not dissolved in DCM and could not be identified by GC. The 
amount of char produced was reduced from 21.0 to 6.5 wt% for the pyrolysis of dry and wet 
bagasse respectively. Unfortunately, the amount of gaseous products was also reduced, from 
54.5 to 18.8 wt%. The presence of acid and water in the bagasse, coupled with high 
temperature, drastically enhances the hydrolysis of the bagasse. This is the reason why the 
expected reduction of char products was achieved. Unfortunately, the yield of gaseous 
products obtained from the pyrolysis of wet bagasse also was reduced. 
The mass balance achieved from the catalytic co-pyrolysis of bagasse and waste plastics 
exceeded the 100% mark. This is due to the reactions that occur between the volatiles 
produced coming in contact with the catalyst bed. The ratio of gaseous products was greatly 
enhanced by Ni/Al2O3 catalyst, reporting more than 100 % increase compared to non-
catalytic pyrolysis-gasification experiments.  
The Ni/Al2O3 catalyst was able to actively select the production of H2 gases from the 
co-pyrolysis of bagasse and waste plastics. At the same time, CO2 was consumed in the 
reaction. Similar results were reported by Yang et al. [57] in the catalytic pyrolysis of palm 
oil. Ni based catalysts was able to yield high H2 gases. The Ni/Al2O3catalysts catalyze the 
pyrolysis reaction by consuming water and producing H2, CO and other hydrocarbons. A 
mechanism for the catalyst reaction has been reported [58]. The use of catalyst slightly 
reduced tars, but the tendency is much lesser than the increase in the gaseous products. This 





Chapter 5 – Conclusion 
 
The accumulation of waste bagasse in Fiji sugar mills after every crushing season has 
motivated the course of this research. Bagasse accumulation not only causes various social 
and environmental problems, but due to their lignocellulosic structures, it offers opportunities 
for energy generation and chemical recovery. 
 In Chapter 1, we introduce the global problem of increasing waste generation, and 
also the challenges of waste management in Fiji.  The importance of the sugar industry in Fiji 
is mentioned, including current direct combustion of bagasse to produce steam for mill 
processes. Also, we mention the increasing demand of plastic usage in our daily lives, and the 
environmental problems associated with improper disposal of plastic wastes. 
 In chapter 2, we discussed the challenges faced with the pyrolysis of lignocellulosic 
bagasse, and suggested the use of pretreatment as a solution to this problem, by reviewing 
different types of pretreatment and their effects on the pyrolysis of bagasse. From the reviews, 
we strengthened the effects of acid pretreatment on biomass pyrolysis, and used this 
technique for our bagasse samples. Pretreatment was carried out using different acids, of 
varying concentrations, a magnetic stirrer at ambient temperature. Weight loss was achieved 
with different pretreatment conditions, and a reduction is hemicellulose content was observed. 
The lignin ratio in the acid pretreated sample was enhanced, for instance, from 9.6 to 13.8 
wt% for untreated and 3 M CH3COOH respectively. The TG/DTG data present showed the 
withering of hemicellulose peaks, and the decrease and left shift of cellulose peaks, denoting 
their degradation at lower temperatures. This information can suggest the shortening of 
cellulose and hemicellulose chain lengths by acid pretreatment. Fortunately, the chemical 
composition of the acid pretreated bagasse did not change much, as witnessed by the constant 
O-H band and other functional groups in FT-IR. This proves that only partial hydrolysis was 
achieved from out acid pretreatment. 
 In Chapter 3, the pyrolysis of acid pretreated bagasse was carried out in a tube reactor 
at 500 °C and a reaction time of 20 mins. It was clear that acid pretreatment increased the 
yield of gaseous products, from 18.7 to 22.2 wt% for untreated and 1 M CH3COOH 
pretreated bagasse respectively. Acid pretreatment also increased the tar yields, including 
levoglucosan. The reduced chain lengths achieved after pretreatment played a vital role in the 
pyrolysis of sugarcane bagasse. The pyrolysis temperature was raised to 800 °C in an effort to 
increase the pyrolysis yield. This influence the thermal cracking of tars to increased the 
gaseous yield even further from 22.2 to 45.2 wt% for 1 M CH3COOH pretreated bagasse at 
500 and 800 °C respectively. Additionally, in an effort to selectively increase H2 ratio in the 
gaseous matrix, steam was added into the pyrolysis reaction. The addition of steam instigated 
various chemical reactions including water-gas shift reactions, in which forward reactions are 
favored at 800 °C increasing the yields of H2, and the overall gaseous yield. 
 In Chapter 4, the co-pyrolysis-gasification of acid pretreated sugarcane bagasse and 
waste plastics was conducted. The waste plastic was a good source of hydrogen to the sample 
matrix, especially to the oxygen rich bagasse. The co-pyrolysis-gasification of acid pretreated 
sugarcane bagasse observed an increase in gaseous yield, and a reduction in char yields. For 
instance, gaseous yields increased from 44.8 to 54.5 wt% for the pyrolysis of 1 M CH3COOH 
pretreated bagasse and the co-pyrolysis-gasification of 1 M CH3COOH bagasse and mixed 
plastics.  This technique of co-pyrolysis of bagasse with waste plastics not only improved the 
pyrolysis products quality and yield, but it also offers an alternative solution for the 
management of surplus sugarcane bagasse and waste plastics in Fiji. 
 The pyrolysis of sugarcane bagasse to produce liquid tars, char and gaseous products 
offers a good solution for the utilization of surplus sugarcane bagasse produced in Fiji. Since 
the recycling of plastic wastes generated in Fiji is undeveloped, this research findings offer a 
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great platform for the Ministry of Environment to consider, the conversion of waste into 
useful chemicals.          
 
In Fiji sugar mills, acid pretreatment can be applied to the surplus bagasse produced 
before they are carried forward to the pyrolysis apparatus. A proposed process for acid 
pretreatment of the bagasse, thus the possible implementation of this technology in Fiji, is 
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